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Abstract
Promoting the use of public transport was stated by the Ministry of Transport in Israel as one of its main policy priorities. Amongst 
others, a solution allowing bus operations on hard shoulders of existing road sections during congested hours was suggested. A pilot 
project was undertaken on 12-kms of main road No 2 leading into the Tel-Aviv metropolitan area. The shoulder is open for bus 
operations in one direction during the morning peak hours. The pilot aimed to explore the feasibility of this solution and its impacts 
on travel times and road user behaviour. An evaluation study accompanied the pilot, estimating the impacts of the new arrangement
on bus speeds and travel times, bus occupancy and the occurrence of hazardous events. Field observations were carried out before 
the changes, shortly after the opening of the new arrangement and after a year of its operation. The analysis demonstrated that the 
new arrangement brought about a 30%-reduction in bus travel time and a 10%-increase in bus occupancy, compared to the before-
period. During the congestion hours, the bus speeds were higher than those of the general traffic, yet, the speed differentials between 
the buses and nearby lane traffic were mostly below 20 km/h. Despite initial safety concerns, neither an increase in hazardous
events nor in traffic accidents was observed since the introduction of the bus lane. However, a significant phenomenon of cars 
using the bus lane to bypass the congestion was reported indicating a need for automatic enforcement of the new arrangement.
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1. Introduction
In developed countries, last century's' planning policies stimulated significant road infrastructure developments and 
increased urban sprawl that resulted in an increase in the population living in the suburbs and the metropolitan area
but working in urban centres. Major increases in private car traffic gradually lead to chronic congestion on urban 
motorways and other main roads leading to city centres (OECD/ECMT, 2007). A viable solution is to promote the 
use of public transport, by means of stimulating a shift from private cars to public transport, e.g. buses. Such stimuli 
include improving regularity and reducing bus travel times along major highways by means of establishing a bus 
priority lane. Frequently however, existing road infrastructure does not enable road widening, to arrange for an 
additional bus lane. Thus, initiatives are undertaken for the use of existing road infrastructure, focusing on public 
transport, without substantial new investment. In this context, a solution of allowing bus operations on hard (paved) 
road shoulders during traffic congestion hours is considered (Martin, 2006; Rousic and Luzerne, 2014).
The use of paved shoulders as a reserved traffic lane during congestion hours is applied in a number of countries, 
such as the United Kingdom (Highways Agency, 2007; Department for Transport, 2010), the Netherlands 
(Middelham, 2003; Helleman, 2006), Germany (Lemke and Irzik, 2006; Riegelhuth and Pilz, 2007), France (Rousic
and Luzerne, 2014), USA and Canada (Martin, 2006; Waller et al., 2009). Such lanes mostly serve peak hour general 
traffic, whereas in some areas of the USA, Canada, France and the Netherlands the experiences with using paved 
shoulders for bus traffic were reported. The international literature indicates that allowing traffic on shoulders, in 
general, may affect various transportation aspects such as:
x Traffic aspects, in terms of roadway capacity, travel time, travel speed, traffic flow, the efficiency of traffic 
arrangements, etc; 
x Safety aspects, in terms of number of traffic accidents, reduction of queues and shock waves, lowering of travel 
speed;
x Economic aspects, in terms of economic implications of the loss of time, overall savings in fuel consumption, 
prevention of traffic collisions from an economic standpoint, and so on;
x Environmental aspects, e.g. the amount of pollution emissions, the noise level, and the avoidance of widening the 
road’s pavement. 
Concerning the traffic aspects, the findings in the literature indicate (Martin, 2006; Waller et al., 2009; Levecq et 
al., 2011) that using shoulders as additional travel lanes was associated with an increase in roadway capacity, savings 
in travel time, and a positive influence on traffic low. In terms of the safety aspects, typically no adverse changes were 
observed from using shoulders as additional travel lanes, whereas some countries even found decreases in accidents
associated with allowing traffic on shoulders (EasyWay, 2012). As to the economic aspects, it was noted, for example, 
that using shoulders as additional travel lanes led to a savings of 50,000 Euros per day in Germany (Riegelhuth and
Pilz, 2007) and that a reduction in the overall fuel consumption by 4% was measured in England (Highways Agency, 
2007). In terms of environmental aspects, the literature indicates a decrease in the amount of pollution, and only 
a minor impact on the environment (in terms of damage to the landscape, soils, water resources, biodiversity, etc.), 
and this is due to the fact that no additional land for road space was required. 
In the Netherlands, bus operations on paved shoulders are allowed for over two decades, mostly on motorways and 
under strict conditions. Various experiments with traffic arrangements were carried out, where some of them were 
successful in demonstrating an increase in the number of bus passengers. Similar results were reported in some projects 
in the USA. In general, there is a consensus that paved shoulder use for bus operation is associated with shorter travel 
time for the bus and lower investment and exploitation costs compared to other forms of bus-dedicated lanes. There 
are also statements on positive opinions of bus drivers and passengers as to the new traffic arrangements and some 
evidence of rare accident occurrences in the bus lanes (Martin, 2006; Waller et al., 2009; Levecq et al., 2011). 
However, a detailed evaluation of such projects is frequently absent, including the measured impacts on traffic 
capacity, road user behaviour, accidents and near-accident events. 
In France, a number of projects promoting reserved bus lanes on motorways are currently in progress (Rousic and
Luzerne, 2014). Having examined international experience, it was indicated that certain elements referring to 
operating and signing and marking issues remain unsolved, such as the control for service level and the acceptance of 
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the system; safety impacts of the system and the conditions of its correct use; and the role of traffic regulation 
enforcement. In addition, special infrastructure solutions were required, e.g. in order to serve bus stops. To maintain 
the functions of the paved shoulder, the need for special speed limits was highlighted.
In Israel, promoting public transport use was recently stated by the Ministry of Transport as one of its main policy 
priorities. Amongst others, the opening of bus lanes during congestion hours on existing road sections that bring 
commuter traffic into the metropolitan areas was suggested. It was clear that the observed benefits of using shoulders 
as travel lanes around the world included: increasing the road capacity, shortening travel time, decreasing fuel 
consumption and reducing overall pollution emissions. Thus, the possibility of increasing the road capacity by using 
the existing pavement width could be an effective solution in Israel, where land reserves are limited. However, 
according to the engineering practice (Guidelines, 2012), road shoulders have traffic and safety functions, such as:
x Providing space for vehicles to stop in case of emergency or fault.
x Providing a “refuge area” that allows drivers to maneuver while driving to prevent a collision, or escape from 
a situation where the driver has lost control of his/her vehicle. 
x Increasing the sight distance on horizontal curves.
x Providing a sense of space free from obstructions, for taking full advantage of the road’s capacity, and for driving 
comfort. 
x Serving as a lane to direct traffic during road maintenance operations.
x Assisting in the support of the pavement structure.
x Assisting with water drainage across the pavement, and the prevention of flooding.
Due to the stated above functions of shoulders, it was agreed by the professional bodies in Israel not to allow traffic 
on road shoulders on a permanent basis, which would effectively eliminate the shoulder traffic and safety benefits. 
Thus, it was decided to perform a pilot study to examine the possibility of implementing a policy in which shoulders 
could be used as public transport lanes, during rush hours only. The idea underlying the pilot is to add another function 
to the shoulder during periods when traffic in the other lanes is crawling and travel speeds are low, thereby utilizing 
the shoulder width as an additional travel lane that gives preference exclusively to public transport. The permitted
periods of public transport shoulder use would be restricted to a few hours, while the rest of the time the shoulders 
would assume their original functions of emergency stop, escape manoeuvre space, etc. In addition, allowing bus 
operation on paved shoulders requires a re-arrangement of the existing road cross-section design, with specific signing 
and road markings that should be supported by traffic regulations. Similarly, the impacts of changes both on bus 
operation and traffic safety need to be examined, to provide a basis for future applications of similar traffic schemes.
All these issues were included in the pilot project that took place in Israel during 2012-2014. 
2. The pilot project of bus operations on shoulders
A pilot project allowing bus operations on paved shoulders was undertaken on road #2, which is a rural motorway
(a dual-carriageway road with interchanges), having three traffic lanes per direction. Road 2 is a primary longitudinal 
route in Israel connecting between the metropolitan areas of Haifa and Tel-Aviv. Along this route there is heavy traffic 
congestion, reflected in the long queues of vehicles to enter Tel-Aviv that build up each morning, and the low speed 
of vehicles, which crawl along at under 30 km/h during those hours. The queuing of vehicles travelling south begins 
around the Netanya area, and continues until the outskirts of Tel-Aviv. The pilot covered 11.6 km of the road in one 
(southern) direction, from the city of Netanya to the city of Herzlia, situated between two major interchanges: the 
Poleg interchange and Rabin interchange, as presented on Fig. 1 a. On the road section selected for the pilot, several
additional connections exist, including a single-lane exit to Ga’ash-Shfayim, a single-lane entrance from Ga’ash-
Shfayim, and a number of bus-stop bays. Before the pilot, in 2011, the average daily traffic on this section was 73,200 
vehicles, and the maximum hourly traffic volume was 6,000 vehicles.
Before establishing the bus lane, there were paved shoulders on the right and left sides of the road in the southern 
direction; the right shoulder had a width of 3 meters, and the left shoulder – between 2 to 3 meters. The total road 
cross-section width was of 15.8 meters. The new cross-section design with a bus lane on the right shoulder is presented 
on Fig. 2. It includes: a shoulder/bus lane 3.5 meters wide, three traffic lanes each 3.6 meters wide, and a left shoulder 
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1.2 meters wide. From the right to the shoulder’s surface marking line (sign 807), a margin of 30 centimeters was 
maintained in front of the guardrail face. To distinguish between the right traffic lane and the bus lane/shoulder a
dashed yellow marking was applied, with added rumble strips. In addition, yellow rhombi (painted yellow diamond 
shapes) were marked on the surface of the bus lane (sign 503, according to Ministry of Transport, 2010). Fig. 1 b
provides a picture of the new arrangement. 
                         Note: A red line indicates the study's section.
Fig. 1. The pilot road section: (a) location on the map; (b) view of the new arrangement with the bus lane on shoulder.
                   Notes: 807, 503, etc. are traffic signs according to Ministry of Transport (2010).  * with rumble strips
Fig. 2. The new cross-section design of the road, with a bus lane on the right shoulder.
The shoulder is open for bus operations during the morning peak hours, whereas during the rest of the day and 
night hours it remains a regular hard shoulder. The pilot included a set of variable-message signs (VMS) posted above 
the shoulder/bus lane, indicating two operating modes: the first for bus operating hours, and the second for the 
remaining hours of day when the bus lane is designated to function as a shoulder, and all vehicle traffic is prohibited. 
The operating hours for the bus lane were morning peak hours, between 6:30 and 9:30. During these hours, a traffic 
sign with the 50 km/h speed limit (sign 426) was to be displayed above the bus lane (Fig. 3 a), whereas during the rest 
of the day, traffic sign 723 (a red "X") was displayed above the shoulder (Fig. 3 b). In addition, permanent traffic signs 
were posted on the side indicating the bus lane’s operating hours and authorized vehicle types (Fig. 3 c). In the pilot, 
only buses were permitted to travel in the public transport lane.
New barrier
Old barrier
503*803*
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c
Fig. 3. Traffic signs posted above the bus lane/shoulder: (a) VMS for bus operating hours; (b) VMS for the remaining hours of day; (c) permanent 
side traffic signs.
The main infrastructure changes implemented in order to establish the bus lane were shifting the three existing 
lanes toward the median barrier in order to widen the right shoulder from 3 to 3.5 meters, and marking the lanes in
accordance with the new traffic arrangements. The left shoulder was narrowed to a width of 1.2 meters. The segment 
of highway which required pavement widening spanned 250 meters, and required between 0.3 and 1 meter of 
widening. The working plan also included minor geometric changes to the existing bus-stop bays and marking public 
transport lanes on the interchanges. Additional works concerned replacing the roadside safety barriers with H2-
containment level guardrails, pavement resurfacing, and installing the VMS system. For the pilot, several changes in 
traffic signs were introduced in the Israeli traffic regulations (Ministry of Transport, 2010).
Due to the elongation of the administrative processes, there was a significant delay in completing the VMS 
production, and therefore the pilot was launched with temporary traffic arrangements that included fixed traffic signs. 
Those were posted on the side of the bus lane and included a sign of "bus use only" (sign 501), with a written 
description of the authorized travel times: "Sunday-Friday, between 6:30-9:30, all vehicle travel is prohibited at all 
other times". (To note, Sunday-Thursday are regular working days in Israel, where some offices are also open on 
Friday mornings). The bus operation on shoulders was opened in September 2012 (with fixed traffic signs). The first 
VMS were activated on the pilot section at the end of August 2013; all the VMS were connected to the traffic control 
center of the National Transport Infrastructure Company (NTIC).
3. The evaluation study: methodology
The new arrangement was supposed to attain a balance between capacity and safety considerations. Thus, an 
evaluation study accompanied the pilot, aiming to examine the impacts of the new arrangement on bus speeds and 
travel times, speed differentials between buses and other vehicles, bus occupancy and the occurrence of hazardous
events. The evaluation framework included data collection “before” and “after” the introduction of bus operations on 
shoulders, estimating traffic and behaviour indicators, in each time period, and comparing the indicator values in the 
"after" as opposed to "before" period.  
Based on the literature findings and following many discussions with the Ministry of Transport, the parameters 
which would indicate a successful pilot were agreed upon, as follows: (a) Improving bus travel time by at least 20%; 
(b) The average bus speed on shoulders would not exceed 50 km/h; however, if the mean speed on the bus lane exceeds 
50 km/h, but the speed differential compared to the vehicle traffic in the right lane is low, the pilot will not be 
considered as a failure; (c) No change in the number of hazardous events; (d) Increased passenger occupancy on buses 
by at least 10% (optional metric). 
The data were collected by means of field observations and measurements, in three rounds: before the infrastructure 
changes on the road section ("before"); shortly after the opening of the new arrangement, with fixed traffic signs
("after-1") and after a year of operation when VMS were installed ("after-2"). The study referred to a road section of 
8.3 km in length, between the Wingate bus-stop and the exit to Rabin interchange (see a red line on Fig. 1 a). Video-
cameras were installed at five points along the road section and speed counters - at one point, in the middle of the 
section (Fig. 4).
During all the study's stages, the following data were collected:
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x Passing times for buses were recorded at five different points along the pilot section, by using synchronized video-
cameras. Analyzing the video-records, the license plate number of each bus was identified, the passing times were 
registered for each monitoring point and, thus, bus travel times and speeds were estimated.  
x The speeds of vehicles in the right lane and the bus lane were measured using pneumatic speed counters that were 
placed across the lane width.
x Passenger occupancy on buses was recorded by a trained observer who was posted at the Wingate bus-stop. The 
observer checked the number of passengers in each bus that stopped at the stop-bay and selected the category of 
the bus occupancy from a pre-defined list: full, mostly full, half-full, low, empty, or not estimable.   
x Counting of hazardous events was accomplished by analyzing the video-records from the five monitoring points. 
The video-recordings and bus occupancy observations took place during morning peak hours between 6:00 and 
10:00 AM, on Sunday and/or Monday. From the video-cameras at five points, 20 hours of observations were recorded, 
per day. The speed counters remained in place for the whole week, and provided data on speeds of all passing vehicles.
During the “after-2” stage, in addition to the aforementioned data, other information sources were examined for the 
occurrences of hazardous events. These included the camera records of the NTIC traffic control center that supervised 
the bus operations on the shoulders (a total of 60 hours of video was analyzed), and "floating vehicle" observations 
that travelled along the pilot section during the bus operation hours, on four working days. The "before" observations 
were carried out in June 2011, "after-1" - in December 2012, "after-2" - in March 2014.
Fig. 4. Data collection points along the study's section.
4. The evaluation study: results
4.1. Bus travel times 
The total number of buses observed on the pilot section on Sunday, during the morning peak period (between 6:30 
and 10:00) was: 396 in the "before" period, 388 in the "after-1" period and 405 in the "after-2" period. These numbers 
included buses serving public transport lines, minibuses serving public transport lines, and private buses. The amount 
of public transport vehicles on the bus lane was stable during the pilot, with a higher hourly number of buses observed 
between 7 and 9 AM. In the bus lane operations, buses of regular public transport lines represented 40%, minibuses -
37%, private buses - 23%. 
One of the primary indicators for examining the effectiveness of the public transport lanes is savings in bus travel 
times compared to the travel time on the same section before the implementation of the arrangement. The duration of 
travel time was estimated by documenting the passing times of buses at each monitoring point as described above. 
Table 1 presents the mean travel times of buses over the whole study section, in various morning hours, before and 
during the operation of the bus lane. Table 1 shows that with the introduction of the bus lane on shoulders a 
considerable reduction in the bus travel times was found during most morning hours, except for 7-7:30, in the range 
of 20%-40%. The differences in the mean values of the travel times during the “before” and “after” stages were usually 
statistically significant (p<0.05), both for the sub-sections examined and the entire study's section. Comparing the bus 
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travel times during the “after” and “before” stages along the entire study section demonstrated a considerable reduction 
in bus travel time, with a saving of about 30% of the travel time on the bus lane versus the “before” period.  
Table 1. Mean travel times of buses over the whole study section, in various morning hours, before and during the operation of the bus lane.
Mean travel time, minutes, in various 
periods:
Reduction in mean travel time: "after-
1" vs "before" period
Reduction in mean travel time: "after-
2" vs "before" period
Hour Before After-1 After-2 In minutes In % In minutes In %
06:30 - 07:00 8.3 6.5 6.7 1.7 21% 1.6 19%
07:00 - 07:30 7.9 7.9 7.3 0.1 1% 0.7 9%
07:30 - 08:00 10.6 8.7 7.4 1.9 18% 3.2 31%
08:00 - 08:30 11.6 8.1 8.9 3.6 31% 2.7 23%
08:30 - 09:00 11.6 8.6 9.1 2.9 25% 2.5 21%
09:00 - 09:30 14.4 9.9 8.2 4.4 31% 6.2 43%
4.2. Bus travel speeds
As illustrated in Table 2, before the establishment of the bus lane, buses traveled at an average speed that decreased 
during rush hour, and ranged from 35 to 63 km/h. After the operation of the bus lane, the range of the average bus 
speeds rose to 52-78 km/h, in the first after period, and remained in the range of 56-77 km/h in the second after period. 
As evidenced, the additional bus lane on shoulders increased the bus travel speeds during the morning peak period. 
                                                         Table 2. Average bus travel speeds on the study's section, km/h,
                                                          in various morning hours, before and during the operation of the bus lane.
Hour "Before" period "After-1" period "After-2" period
06:30 - 07:00 61.3 78.4 77.4
07:00 - 07:30 63.5 65.6 74.1
07:30 - 08:00 47.3 60.2 70.3
08:00 - 08:30 43.1 63.2 58.2
08:30 - 09:00 43.4 60.0 55.9
09:00 - 09:30 35.0 51.8 62.2
Another indicator checked was the speed differential between buses traveling on the shoulder and vehicles traveling 
in the adjoining (right) lane. The speed indicators were estimated and compared using the data from the speed counters
placed in both lanes, where the data for the hours of bus lane operations were selected. In total, for each lane, 30 
measurements were produced - for half-hour time periods between 6:30-9:00, on five working days, Sunday-Thursday.
It was found that, in general, the speed levels were relatively high, both on the bus lane on shoulder and in the right 
lane, where both the mean speeds and the 85th percentile speeds were over 50 km/h. However, the speed indicators on 
both lanes were rather close, demonstrating small differences between the average values of both the mean and the 
85th percentile speeds on the bus lane versus the adjacent vehicle lane. Out of 30 measurements compared, in the 
majority of cases: 77% of mean speed indicators and 93% of the 85th percentile speed indicators, the speed differentials 
between the two lanes were lower than 20 km/h. From these findings, it was possible to conclude that bus drivers 
while travelling on shoulders adjusted their speeds to the traffic conditions and maintained reasonable speed 
differentials as opposed to the main traffic lanes. On the other hand, they did not respect the posted 50 km/h speed 
limit.
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4.3. Bus passenger occupancy
This metric was defined as optional, assuming that changes in the habits of road users - transferring to buses from 
private cars, usually occur over long time periods. In the evaluation of the pilot, passenger occupancies of the buses 
were qualitatively assessed by the observer and then a weighted value of the indicator was compared between the pilot 
stages. The findings are summarized in Table 3, and show that the share of full buses in both after periods was 
considerably higher compared to the same share during the “before” stage, at a rate of 18%-50%. The weighted value 
of the bus occupancy indicator increased by 13% in the first after period and by 1% in the second after period, related 
to the "before" stage. In total, a positive passenger growth rate was associated with the introduction of bus operations 
on shoulders, in line with the target parameter that was stipulated for the project to be considered successful.
Table 3. Bus occupancy estimates of the public transport line buses, on Sundays, in various study periods. 
Study's 
period
Characteristic Categories of bus occupancy (weighting coefficients) Weighted 
estimate of 
bus 
occupancy
Full 
(1.0)
Mostly full 
(0.75)
Half-full 
(0.50)
Low 
(0.25)
Empty 
(0)
Not estimable 
(0)
Total
Before
Number of buses 
checked 50 28 17 11 5 0 111
Category shares, in % 45% 25% 15% 10% 5% 0% 100% 74%
After-1
Number of buses 
checked 92 17 15 8 4 0 136
Category shares, in % 68% 13% 11% 6% 3% 0% 100% 84%
After-2
Number of buses 
checked 75 20 25 13 4 4 141
Category shares, in % 53% 14% 18% 9% 3% 3% 100% 75%
The growth in the number of passengers was verified by the Ministry of Transport, in the reports from public 
transportation operators regarding an increase in the number of passengers riding on the public bus lines within the 
pilot road section. Similarly, various commuters using the bus lines in question reported experiencing an increase in 
occupancy on their buses. 
4.4. Using the bus lane by other vehicles
During most of the day, the bus lane functioned like a normal highway shoulder and vehicles were prohibited from 
travelling on it. In the framework of the pilot, the research team examined the number of vehicles which illegally 
traveled on the shoulder/public transport lane, using both video-records and speed counter data.
It was found that during the morning peak hours (6:00 to 10:00), unpermitted vehicles were travelling in the bus
lane, in amounts ranging from 100 to 590 vehicles per hour; yet, these amounts were small enough not to impact the 
lane’s capacity. However, the findings demonstrate (Table 4) that during the morning peak hours, through all the 
working days, buses did not present the majority of vehicles using the bus lane where they comprised 13%-49% of 
the total amount of vehicles that passed on this lane. The amount of unauthorized vehicles travelling in the bus lane 
was higher at the areas of exit ramps, relative to the number of such vehicles counted along the road section. During 
the rest of the day, when other traffic lanes were typically not congested, a smaller number of unauthorized vehicles 
were counted using the public transport lane: on average, around 25 vehicles per hour.
It should be noted that the data from both “after” stages were collected before the traffic police began enforcement 
activities in this area. The combination of lack of enforcement and the great attractiveness of the public transport lane 
(creating a virtually “open lane” on one of the most congested routes in the country) explains the high number of 
unauthorized vehicles travelling on it during the morning peak period.
From the data examined, it is evident that the new traffic arrangements were understood by most drivers, where
only some of them decided to illegally travel in the public transport lane. At the same time, the number of vehicles
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observed in the bus lane was not negligible, strengthening the need for the police enforcement, particularly in the rush 
morning hours.
Table 4. Number of buses traveled on the bus lane and the relative share of buses out of the total number of vehicles that traveled on the bus lane, 
in the rush morning hours, on Sunday-Thursday, in "After-2" period.
Hours Sunday Monday Tuesday Wednesday Thursday
# of 
buses
% of 
total
# of 
buses
% of 
total
# of 
buses
% of 
total
# of 
buses
% of 
total
# of 
buses
% of 
total
06:00-
07:00 128 46% 111 44% 101 40% 136 49% 105 39%
07:00-
08:00 130 32% 127 29% 121 31% 130 25% 122 26%
08:00-
09:00 123 19% 98 14% 86 17% 84 13% 87 15%
09:00-
10:00 65 27% 81 13% 81 13% 58 16% 39 29%
4.5. Hazardous events
The concerns raised about the possible occurrence of hazardous events which may occur following the addition of 
the bus lane and canceling the right shoulder for a few hours a day, were examined during the pilot. The primary 
concern was that conflict situations would arise between buses travelling in the public transport lane and vehicles 
traveling at low speeds in long queues in the right lane due to dangerous maneuvers of changing lane by the vehicles 
or improper interactions between vehicles and buses. An additional concern that arose was about the possibility of 
disabled vehicles being “stuck” on the shoulder during the bus lane’s operating hours thus creating an obstacle to the
bus flow. 
The hazardous events defined by the study included: traffic accidents; near-accident situations such as dangerous 
maneuvers, irregular sudden braking, or a vehicle “escaping” to the shoulder to avoid a collision; vehicles stopping 
on the shoulder; the presence of cyclists, pedestrians, animals or similar items on the shoulders; and other unusual 
traffic events. All these kinds of events were searched for and counted during both "after" stages of the pilot, by means 
of analyzing the video-records collected by the study (at five monitoring points), the camera records of the NTIC 
traffic control center, and “floating vehicle” observations. In all the data sources considered, no serious safety events
were observed. 
It should be noted that in the video-records of the “after-1” stage, one “stuck” vehicle was observed which stopped 
on the shoulder during the bus lane’s operating hours; this vehicle actually blocked the public transport lane, between
7:30 and 10:00. The video-records showed that the buses travelling in the bus lane approached the blocking vehicle 
and overtook it by shifting into the right traffic lane, and then returned safely to the public transport lane after 
completing the overtaking maneuver. No apparent safety problem was observed with the buses' overtaking using the 
right lane. Similarly, in the “after-2” stage, several “stuck” vehicles were observed on the shoulder during the bus lane 
operation hours, where these cases did not cause any safety-related problems.  
Additionally, a statistical examination was conducted with the accident data reported on the pilot road section, 
based on the Central Bureau of Statistics injury accident files. Three time-periods were compared: before the 
introduction of the bus lane, the first after period of bus operations on shoulders (with fixed traffic signs) and the 
second after period of operation (with VMS). The analysis considered both the whole time periods and the reduced 
synchronized periods of six months, from September to February only (to exclude a seasonal effect). It was established 
in both analyses that the average monthly number of injury accidents was lower "after" when compared to the "before"
period, although the differences were mostly not statistically significant. In any case, there was no increase in road 
accidents during the periods of operation of the new arrangement.
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5. Conclusions
A pilot project of bus operations on shoulders of a rural motorway during congestion morning hours was undertaken 
in Israel and accompanied by an evaluation study. The data analyses demonstrated that the new arrangement brought 
about a 30%-reduction in bus travel time and a 10%-increase in bus occupancy, compared to the before-period without 
the dedicated bus-lane. During the congestion hours, the bus speeds were higher than those of the general traffic, yet, 
the speed differentials between the bus traffic and nearby lane traffic were mostly below 20 km/h. Despite initial safety 
concerns, neither an increase in hazardous events nor in traffic accidents was observed following the introduction of 
the new arrangement. However, a significant phenomenon of cars using the bus lane to bypass the congestion was 
reported. The findings on improved bus operation and on acceptable safety performance of the new arrangement were 
in line with the international experience of allowing traffic on shoulders during congestion hours (Martin, 2006; Waller 
et al., 2009; Levecq et al., 2011; EasyWay, 2012).
In general, the pilot results were satisfactory as to the target parameters that were set for the project to be considered 
successful, particularly, with regards to improving bus service conditions. Therefore, the measure of opening bus lanes 
on shoulders of heavily-trafficked roads that bring the commuters to the metropolitan areas was recommended for 
wider application in Israel, for promoting public transport use. 
The pilot raised questions concerning the illegal use of the bus lane by other vehicles, the speed differentials
between buses and the nearby traffic lane and the obedience to speed limits by bus drivers. A need for automatic 
enforcement was evident, to support a more effective functioning of the new arrangement. During the discussions of 
the pilot's results in the Ministry of Transport it was suggested that alternative road marking that would strengthen the 
prohibition of using shoulders by the general vehicle traffic would be respected by more drivers and, thus, should be 
examined in consequent projects. 
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